Fifty-two species of
Surveys of phlebotomines carried out during the course of studies on leishmaniasis generate information which is potentially relevant not only to medical entomology, but also to research on biogeography, models of areas of endemism, processes of speciation, and identification of priority areas for biological conservation. The purpose of the present report is to describe a sample of Phlebotominae with exceptionally high species diversity, from the central Amazon basin, in a form suitable for comparison with other samples; and to describe the female of Lutzomyia souzacastroi and a new species encountered at the collection site. The sampling programme was originally designed to evaluate the effect of insecticidal fogging on phlebotomines in forest areas where geophysical survey teams are exposed to leishmaniasis; the results of that trial have been summarized elsewhere (Barrett et al. 1993) . The advantages of Phlebotominae as an indicator group and the economic presentation of data, without loss of essential information, are briefly discussed.
MATERIALS AND METHODS
Study area -Tall primary terra-firme lowland rainforest at 03° 40'42" S, 64°21'30" W, approximately 11 km south of the Solimões River at Caiambé, near clearing 7 seismic survey line 99-ES238, between Igarapé Caiambé and Igarapé Jutica, Tefé municipality, State of Amazonas, Brazil.
Sampling -Five pairs of light-traps were set at distances of 0-50m from an encampment with four persons, and another five pairs at a distance of 2000m. Each pair consisted of one trap powered by four 1.5V batteries and one trap powered by a rechargeable 6V motorcycle battery, 5m apart. All traps were set at 1m above the forest floor and operated with fresh batteries each night between 1/9/91 and 11/9/91 except for the rechargeable traps on one night, giving a total of 210 trapnights. Human landing catches were done by one collector between 1900 and 2000 hr on the first eight nights, and during the day phlebotomines were sought on tree bases and other potential resting sites.
Data analysis -Log relative abundance was determined with a pocket calculator (Casio fx-3600P) and plotted on ordinary graph paper (Fig.  5) . The Fisher-Williams diversity statistic α was calculated by trial and error from known numbers of species (S) and numbers of individuals (N) in the formula S= αln(1+N/α). Taylor et al. (1976) give the variance of this estimate as α/-log(1-x), where x is a sampling parameter, but because (1-x) may be negative, and the expected number of species in a sample is given by these authors asαlog(1-x), we estimated the variance of α as α 2 /S. Maximum and minimum values of S expected for α±1 standard deviation were then calculated for observed values of α as N accumulated in the collectors' curve (Fig. 6) .
Females of species difficult to separate in this sex were allocated in proportion to the number of males collected. Note, therefore, that no males of L. dendrophyla or L. scaffi were collected in lighttraps, and Shannoni-group females were allocated to these species in Fig. 5 on the basis of the tree-base collection.
Taxonomy -Classification of previously known species follows Young and Duncan (1994) . Measurements are mean values in millimeters with range in parentheses, and are for specimens cleared in NaOH and phenol.
TAXONOMIC DESCRIPTIONS
Lutzomyia cultellata Freitas & Albuquerque, n. sp. (Fig. 1) Male (only specimens known): general colour light brown, pleura paler than scutum and coxae. Length of insect 2.30 (2.28-2.32). Material examined: three specimens from Brazil, State of Amazonas, 03° 40'42" S, 64° 21'30" W, light-traps, TV Barrett and FL Santos. Holotype, 8/9/91, to be deposited in the Entomology Collection at Instituto Nacional de Pesquisas da Amazônia -INPA, Manaus; two paratypes, 6/9/ 91. The specific name is a Latin adjective referring to the shape of the paramere, which resembles a small kitchen cleaver in outline.
Remarks: the form of the ascoids, the palpal formula, and the simple paramere of the males are characteristic of the subgenus Psathyromyia. Lutzomyia cultellata is readily distinguished from the other species of this group by the presence of an apical pair of major setae on the style and a well-developed basal tuft on the coxite. The ungrouped species, L. ignacioi Young has a diffuse coxite tuft, but in that species the posterior spurs of the ascoids are vestigial, the arrangement of the major setae of the style is quite different and the genital filaments are much shorter than in L. cultellata. Group characters of the subgenus Psathyromyia include the absence of a basal tuft on the coxite (Theodor 1965 , Young & Duncan 1994 and will require re-definition if our classification of L. cultellata is accepted.
Lutzomyia souzacastroi (Damasceno and Causey, 1944) L. souzacastroi: Young and Duncan, 1994, Fig. 146 
(holotype) (Figs 2, 3)
Male: specimens in this collection as described for type material, with the following additional observations and consistent minor differences. General colour light brown, scutum, pronotum and apex of scutellum contrasting strongly with pale pleura and coxae. Pleura with 10(5-14) upper and 3(2-4) lower episternal setae. Genital pump 0.19 (0.18-0.22) long, filaments 0.40 (0.39-0.45) long, ratio of pump to filaments 1.0:2.1 (1.0:1.9 -1.0:2.5); tips of filaments spoon-like, more strongly expanded than shown for holotype. Ventral margin of paramere as shown for holotype (external aspect) or transition between wide basal and narrow apical portions of segment more gradual and obtuse (internal aspect). Aedeagus truncated at apex. salient; common duct longer than individual ducts, the latter subequal to body of spermatheca. Stem of genital fork narrow. Cerci normal.
Material examined: Brazil, State of Amazonas, 03° 40' 42" S, 64° 21' 30" W, tree trunks, TV Barrett 6/9/91. 20 males, 2 females. Five male and one female voucher specimens to be deposited in the INPA Entomology Collections -Manaus.
Remarks: the original description of L. souzacastroi was based on two male specimens from Amazonian caatinga vegetation on the Upper Solimões River. In our material, 64 of the characters studied for males were compatible with the original description, and we are provisionally treat- ing the differences in the relative lengths of the genital pump and filaments (1:>3 in the type specimens) the shape of the aedegi (triangular in the original description) and tips of the genital filaments as variation within a single morphospecies.
Females of L. souzacastroi were collected together with males on the same trunks. They can be distinguished from other known Psathyromyia females with pale pleura, four horizontal cibarial teeth and elongated, smooth-walled spermathecae (L. shannoni, L. abonnenci and L. pestanai) by the relatively large spermathecal head and wide individual ducts. Of the species whose females are unknown, L. socculus has been reported only from Central America, L. cuzquena is a larger species with pigmented pleura, and L. cultellata has darker pleura and ascoids with shorter posterior spurs. The peculiar serrated ridges of the pharyngeal armature in L. souzacastroi have not been reported in any other females of the subgenus, although Dias et al. (1991) have described similar structures in L. (Helcocyrtomyia) goiana. This character can only be seen clearly under a 100x oil-immersion objective. The form of the spermathecae clearly distinguishes our material from Phlebotomus sp. 768 from French Guyana (Floch & Chassignet 1948) , a species that Forattini (1973) synonymizes, without further comment, with L. souzacastroi.
RESULTS
Systematic list-Fifty-one species of Lutzomyia were identified among the 1645 specimens collected in light-traps, and one additional species (L. souzacastroi) was found only on tree trunks.
Figures following the names of subgenera or species-groups refer to the relative abundance of the group in light-trap samples. Subgenus Lutzomyiaolder name, while recognizing the possibility that our material may represent a geographical variant of L. sherlocki, or an undescribed species.
Analysis -The light-trap collection was dominated (Fig. 5) by four species that together contributed 54.6% of the sample. 21 species were moderately common (0.5% -5.0%) while the remaining 26 species each contributed less than 0.5% of the total. Females outnumbered males by 12.1:1 for L. (Nyssomyia) spp, 2.3:1 for L. (Psychodopygus) spp., and 2.4:1 for the remaining species (except Trichophoromyia) combined. For L. (Trichophormyia) sp. males outnumbered females by 1.9:1. Fig. 6 shows the cummulative totals of species and individuals with increasing numbers of subsamples. The traps equipped with rechargeable batteries captured significantly more phlebotomines than those with disposable cells (12.8 and 3.5 per trap-night, P<0.001). Excluding the night on which only one type of trap was available, differences between the numbers of phlebotomines captured per night were not significant. In the comparison between the traps set at 0-50m and 2000m from the camp site, the mean number of specimens of L. (Psychodopygus) sp. captured per night was 16.9 and 4.9, respectively (P<0.001), and 4.1 and 2.1 for L. servulolimai. These were also the only species among the few (41) phlebotomines taken on human bait. For total phlebotomines, including 20 damaged and unrecognizable specimens, the two sites were very similar (806 and 859).
Very few phlebotomines were found on the bases of tree trunks, and most of these were from the same tree:
A single male of L. micropyga was found in a search of accumulated leaf litter in 20 acaulate palms (Astrocaryum sp.). One L. furcata and one L. tuberculata were found together in a hollow tree-trunk.
DISCUSSION
The 52 species of Lutzomyia identified in this geographically and chronologically restricted sample represent about 15% of all known species of the genus from continental South America, and over half the number of all phlebotomine species recorded after extensive surveys in the Brazilian state of Pará (Ryan 1986 ). Burgos and Hudson (1994) report only 37 species of phlebotomines from Suriname, including 32 species of Lutzomyia among 1556 individuals from CDC traps in rainforest in different parts of the country (α=5.7). (Fig. 4) , 7 L. ayrozai, 8 L. chagasi, 9 L. runoides, 10 L. paraensis, 11 L. sordellii, 12 L. dreisbachi, [13] [14] L. davisi, 15 L. umbratilis, 16 L. anduzei, 17 L. claustrei, 18 L. reducta, 19 L. furcata, 20 L. wagleyi, 21 L. amazonensis, 22 L. monstruosa, 23 L. evangelistai, 24 L. aragaoi, 25 L. christenseni, [26] [27] L. marinkellei, [28] [29] [30] [31] L. punctigeniculata, L. shannoni, L. cultellata, [32] [33] [34] [35] [36] L. pilosa, L. saulensis, L. dendrophyla, L. scaffi, [37] [38] L. baculus, [39] [40] [41] L. tuberculata, L. falcata, [42] [43] [44] [45] L. walkeri, L. campbelli, L. hirsuta, [46] [47] [48] [49] [50] [51] L. coutinhoi, L. abonnenci, L. flabellata, L. lutziana, L. serrana. Triangle= L. (Trichophoromyia) The diversity index α in the log-series model is theoretically independent of sample size, although the effect on the variance makes estimates based on smaller samples less reliable (Wolda 1981) . If Fig. 6 is representative, then α is probably not usually worth calculating for amazonian phlebotomines if N is much less than 1000. The initial tendency of α to rise in Fig. 6 also suggests that the species were underdispersed among the subsamples. For example, of the 14 L. evangelistai, 13 were collected on the same night, when 5 were from the same trap; and it has been shown above that the samples collected near the camp-site may well have been biased in favour of anthropophilic species by the presence of the collectors. Assuming that sufficient further species remain, with a diversity index of α= 10.0 ± 1 standard deviation, one would expect to detect about 68-84 species in a sample of 20,000 individuals from this area, after which additional species would be found at a rate of less than one per 2000 individuals.
The advantages of using insects as indicators of ecological diversity have been discussed by Brown (1991) . Taxonomically, Phlebotominae are well-documented and now relatively stable, and large numbers can conveniently be transported and stored in small volumes of alcohol. In addition to being directly dependent on the vertebrate fauna, they are also hosts of vertebrate kinetoplastid parasites that are themselves of phylogenetic and ecological interest (Molyneux et al. 1985) . Phlebotomines are widely collected because of their public health importance, but much ecological information is often lost in surveys, through pooling hetereogeneous samples or failure to record relative abundance or sample size. Simply listing the species found in a particular area is not particularly informative, because the absence of a species from a sample is impossible to evaluate (Bullock 1971) and the limits of local faunas therefore cannot be determined from data on presence or absence alone (Martins & Morales Farias 1972) . Southwood (1978) has recommended presenting diversity data as graphs of log abundance on rank (Fig. 5) . By listing, in addition, the species corresponding to each rank, the number of individuals of each species can be recovered for further analyses including studies of beta-diversity (Grassle & Smith 1976 , Wolda 1983 .
